abstract BACKGROUND AND OBJECTIVE: Prospective studies of children with septic arthritis report that adding dexamethasone to antibiotic therapy contributes significantly to clinical and laboratory improvement. This study sought to evaluate the effect of this regimen outside of a randomized controlled trial.
RESULTS:
The cohort included 116 patients, 90 treated with antibiotics alone and 26 treated with antibiotics+dexamethasone. The groups were similar for age, symptom duration before hospitalization, body temperature, acute-phase reactant levels, and rate of positive fluid cultures (21.6% total). Compared with monotherapy, antibiotics+dexamethasone treatment was associated with a shorter duration of fever (mean 2.3 vs 3.9 days, P = .002), more rapid clinical improvement (mean 6.3 vs 10.0 days to no pain/limitation, P , .001), more rapid decrease in C-reactive protein level to ,1 mg/dL (mean 5.3 vs 8.4 days, P = .002), shorter duration of parenteral antibiotic treatment (mean 7.1 vs 11.4 days, P , .001), and shorter hospital stay (mean 8.0 vs 10.7 days, P = .004). Recurrent symptoms of fever and joint pain occurred in 4 patients in the antibiotics+dexamethasone group after completion of the steroid course.
CONCLUSIONS: Children with septic arthritis treated early with a short course of adjuvant dexamethasone show earlier improvement in clinical and laboratory parameters than children treated with antibiotics alone.
WHAT'S KNOWN ON THIS SUBJECT:
Two prospective studies of children with septic arthritis have shown that the addition of dexamethasone to antibiotic therapy contributes to clinical and laboratory improvement. Nevertheless, the mainstay of treatment remains antibiotics alone.
WHAT THIS STUDY ADDS:
This study, which was conducted outside a randomized controlled trial, demonstrates that children with septic arthritis treated early with a short course of adjuvant dexamethasone show earlier improvement in clinical and laboratory parameters than children treated with antibiotics alone.
Septic arthritis is a severe, rapidly progressive erosive disease. 1 Despite the use of antimicrobial treatment, the inflammatory process may be prolonged, leading to delayed recovery and residual joint damage. 2, 3 Studies have shown that the host immune response is responsible for the ongoing inflammation, particularly activation of CD4 T lymphocytes induced by Staphylococcus exotoxins. 4,5 Sáez-Llorens et al 6 demonstrated that the synovial fluid of children with septic arthritis has high concentrations of tumor necrosis factor-a and interleukin (IL)-1b, which correlate with the severity of the inflammatory process.
Prompted by these findings and the good results obtained with the use of corticosteroids in meningitis, 7, 8 researchers have suggested that the administration of systemic corticosteroids along with antibiotic therapy may be beneficial in septic arthritis. Studies in animal models reported a reduction in mortality rates and disease severity with the combined regimen. 5,9 These results were supported by 2 clinical studies in children. The first, by Odio et al, 10 showed that a short course of dexamethasone significantly shortened the duration of symptoms and reduced residual joint dysfunction. The second study was conducted by our group in 49 patients using a randomized doubleblind placebo-controlled design. We found that the administration of dexamethasone as adjuvant therapy led to significant clinical and laboratory improvement, shortened the duration of hospitalization, and accelerated recovery. 11 The aim of the current study was to further evaluate the effect of this regimen in children with septic arthritis outside a randomized controlled trial. The primary outcome measure was time to full recovery in children with septic arthritis who received dexamethasone as an adjunctive therapy relative to those who received antibiotics alone.
METHODS

Patients and Setting
A retrospective cohort study design was used. The sample consisted of children aged 2 months to 18 years hospitalized at our tertiary pediatric medical center from January 2008 (the end of our previous prospective study) to December 2013 who were discharged with a diagnosis of septic arthritis. Exclusion criteria were history of chronic arthritis, autoimmune disease, or immune deficiencies and arthritis secondary to a puncture wound. In addition, the medical records from discharge to last clinic follow-up visit were reviewed, and patients in whom another diagnosis was suspected on the basis of the follow-up data were excluded, as were patients with ,6 months' follow-up.
The study was approved by the Institutional Review Board of Rabin Medical Center.
Departmental Diagnostic and Treatment Procedures
The diagnosis of septic arthritis at our center is based on the following criteria: acute onset of pain and limitation of motion in the hip or shoulder or acute onset of swelling, pain, local warmth, and limitation of motion in other joints, combined with an elevated level of C-reactive protein (CRP; normal upper limit, 1 mg/dL), with or without elevations in other acute-phase reactants, namely erythrocyte sedimentation rate (ESR; normal upper limit, 30 mm/h) and white blood cell (WBC) count (normal upper limit 14.0/mm 3 ). In addition, aspiration is routinely performed except in small or difficult-to-access joints (sacroiliac, intraphalangeal) in which small volumes are expected, and the presence of joint fluid with a turbid purulent appearance is a mandatory diagnostic criterion.
MRI was not used at our institution for routine diagnosis of septic arthritis or osteomyelitis during the study period.
Treatment of septic arthritis at our institution is primarily medical. Irrigation is routinely performed at the time of aspiration only when the hip joint is involved, and in these cases, repeated aspirations are done on a daily basis. If fluid has reaccumulated after 2 aspirations, patients undergo formal irrigation and debridement in the operating room.
In the present cohort, some of the patients were treated with antibiotics alone, whereas others were treated with intravenous dexamethasone 0.15 mg/kg per dose every 6 hours for 16 consecutive doses along with antibiotics, as previously reported. The administration of corticosteroids depended on the policy of the specific admitting department and was determined at the discretion of the attending physician. The switch from intravenous to oral treatment was based on a decrease in CRP to ,1 mg/dL.
Data Collection and Analysis
For the current study, the following information was obtained from the medical records of each patient: gender, age, affected joint, body temperature; WBC, ESR, and CRP level at admission; duration of symptoms before hospitalization; type and duration of intravenous antibiotics; days of hospitalization; need for surgery; WBC count in joint fluid aspirate; microbiology findings in blood and joint cultures; findings on bone scan if performed; and use of corticosteroids or nonsteroidal antiinflammatory drugs (NSAIDs) during hospitalization.
Clinical and laboratory improvement after onset of treatment was compared between patients treated with antibiotics alone or with antibiotics+dexamethasone, according to the following parameters: first day of hospitalization without fever (,38°C); number of days to full recovery, defined as no limitation of joint movement on physical examination and no complaints of joint pain until discharge (according to the daily medical records); number of days until CRP level dropped to ,1 mg/dL; duration of intravenous antibiotic treatment; and length of hospital stay.
Symptom recurrence was defined as findings of fever .38°C and renewal of pain in the same affected joint during hospitalization after remission was achieved. Discharge was determined by the attending physician.
Statistical Analysis
No a priori analysis was performed to determine sample size. Data were analyzed using BMDP Statistical Software (Statistical Solutions Ltd, Boston, MA). Between-group differences in discrete variables were analyzed with Pearson x 2 test or Fisher's exact test, as applicable. Continuous variables were compared by using analysis of variance with the Levene test. When the Levene test for variances was significant, we applied the Brown-Forsythe test for equality of means (variances not assumed to be equal). A P # .05 was considered significant.
RESULTS
Of the 155 children diagnosed with septic arthritis during the study period, 12 were excluded because of insufficient duration of posthospitalization follow-up and another 27 failed to meet the inclusion criteria. The remaining 116 patients included 90 (77.6%) treated with antibiotics alone and 26 (22.4%) treated with antibiotics and dexamethasone (Fig 1) . The 2 groups were similar in gender distribution, age, body temperature on admission, level of acute-phase reactants, and duration of symptoms before hospitalization ( Table 1 ). The median follow-up times reported for the patients included in the study were 53 months (range 9-75 months) in the antibiotics-only group and 30 months (range 6-58 months) in the antibiotics+dexamethasone group.
The joints affected included the knee (n = 54), hip (n = 23), ankle (n = 14), shoulder (n = 10), elbow (n = 8), wrist (n = 6), proximal interphalangeal joint (n = 2), and sacroiliac joint (n = 1). The knees and hips were the joints most often involved in the antibiotics +dexamethasone group (92.3%) as opposed to the antibiotics-only group (58.9%) ( Table 2 ). There was a significant difference between the groups in the rate of involvement of the knee (P = .003) but not any of the other joints (Table 2 ). In 2 patients in the antibiotics-only group, 2 joints were involved: knee and hip or knee and shoulder; in the remaining 114 patients, only 1 joint was involved (Table 2) .
Bone scan was performed in 47 patients, of whom 30 were diagnosed with arthritis without osteomyelitis and 10 were diagnosed with arthritis and osteomyelitis. The remainder had inconclusive results. All cases of osteomyelitis were found in the antibiotics-only group.
Microbiology studies were positive in 21.6% of the cohort. Bacteria were isolated from the synovial fluid in 24 patients and from the blood in 1 patient (Table 3 ). There was no significant difference between the groups in the rate of positive fluid cultures (P = .86). Broad-range 16S rRNA gene-based polymerase chain reaction (PCR) study of the joint fluid aspirate was positive for Kingella kingae in 1 patient for whom the culture results were negative. PCR testing was not performed in any other patient in the cohort. Although culture-negative patients were not tested routinely for other kinds of arthritis, the patient with sacroiliac joint involvement was evaluated for levels of antinuclear antibody, rheumatoid factor, and HLA-B27; all Table 4 . Compared with the group treated with antibiotics alone, the antibiotics+dexamethasone group had a significantly shorter duration of fever (mean 2.3 vs 3.9 days, P = .002), shorter time to full recovery (mean 6.3 vs 10.0 days, P , .001), shorter time to a decrease in CRP level to ,1 mg/dL (mean 5.3 vs 8.4 days, P = .002), shorter duration of intravenous antibiotic treatment (mean 7.1 vs 11.4 days, P , .001), and shorter hospital stay (mean 8.0 vs 10.0 days, P = .004). The total duration of antibiotic treatment (oral and parenteral) was 3 to 4 weeks for both groups, regardless of the clinical or laboratory parameters.
Four patients (15.4%) aged 12 to 22 months had a brief recurrence of symptoms during hospitalization, within ,1 week after completing the 4-day corticosteroid course and while receiving parenteral antibiotic therapy. Three of the 4 patients were culture-negative, and 1 had Streptococcus pneumoniae in the joint fluid. All recurrences were mild, with no elevation in CRP levels, and resolved within 1 to 2 days. None of the patients required additional aspirations or prolonged antibiotic administration or additional corticosteroid therapy.
DISCUSSION
The current study confirms earlier reports that the administration of adjunctive corticosteroids in children with septic arthritis enhances the rate of clinical and laboratory recovery.
The advantages of adding corticosteroids to antibiotics in the treatment of children with septic arthritis have been demonstrated in 2 randomized prospective double-blind controlled studies. [10] [11] [12] The results showed that a 4-day course of adjuvant dexamethasone shortened the duration of symptoms and hospital stay and reduced residual dysfunction at the end of therapy. The rationale for the dosing schedule was derived from the Haemophilus influenzae B meningitis protocol 13 ; the use of corticosteroids was prompted by findings of a decrease in synovial T-cell and macrophage levels in animals with septic arthritis treated with dexamethasone and antibiotics. 5, 9 The experimental studies also noted an association of lower synovial fluid concentrations of IL-1b, IL-1, tumor necrosis factor-a, and metalloproteinases, in addition to a decrease in cartilage degradation, which is mediated by these cytokines. 5, 9 The authors speculated that the corticosteroids exerted an inhibitory effect on T-and B-cell proliferation and differentiation, leading to a decrease in cytokine production.
In the present observational study, which was started at the end of our previous prospective study, we sought to further evaluate the effect of adding dexamethasone to antibiotics on the clinical course of septic arthritis in children outside of a randomized controlled trial. We found a greater improvement in clinical and laboratory parameters in the children treated with antibiotics +dexamethasone than in the children given antibiotics alone.
Regarding the treatment of septic arthritis of the hip, our institutional policy was changed in 2005 to include repeated ultrasound-guided aspirations and irrigations as the initial procedure, before surgical debridement. Reaccumulation of joint fluid after 2 aspirations coupled with a lack of clinical improvement after 48 hours are considered indications for surgical drainage. We do not typically treat joints other than the hip with repeated aspirations or irrigations. These practices are not the gold standard in many institutions, but they are acceptable in others. [14] [15] [16] As these differences might affect the clinical and laboratory parameters, we suggest that the administration of corticosteroids for septic arthritis be further evaluated in institutions in which repeated aspirations and irrigation or debridement are performed routinely.
The bacterium most often isolated in our study was Kingella kingae, followed by methicillin-sensitive Staphylococcus aureus (MSSA). None of the cultures grew methicillinresistant S aureus (MRSA). K kingae infection was also one of the most common causes of childhood septic arthritis in several previous studies 17, 18 and the earlier study from our center. 11 By contrast, Odio et al 10 found S aureus to be the most common pathogen. Because penetrance of antibiotics into the joint fluid was not directly evaluated in our study, we could not determine if it was affected by the corticosteroids. This treatment protocol needs to be further evaluated in patients positive for MRSA infection. One patient with negative culture results was found to be positive for K kingae on PCR study. We believe the growing use of PCR in this setting will increase the likelihood of isolating pathogens that cannot be identified by routine cultures. It is noteworthy that K kingae, which causes less virulent septic arthritis, predominates in our country and was the pathogen most often isolated in our study and other studies from our region. 17 Therefore, we cannot generalize the present findings for adjunctive corticosteroids to countries and regions harboring more virulent pathogens of septic arthritis.
The proportion of patients with large joint involvement (hip and particularly knee) was significantly higher in the antibiotics +dexamethasone group (92.3%) than in the antibiotics-only group (58.2%). Furthermore, infections of the shoulder, elbow, interphalangeal proximal joint, ankle, and sacroiliac joint were almost exclusively found in the antibiotics-only group. This unbalanced distribution suggests an important selection bias. We assume septic arthritis has a less indolent and more easily diagnosed presentation when it occurs in the larger joints, especially the knee. In patients with suspected septic arthritis in other joints, physicians may hesitate to treat with corticosteroids so as not to mask the diagnosis.
A second possible selection bias is suggested by the finding that the antibiotics-only group included all 10 patients in our cohort with osteomyelitis and both patients with 2 affected joints. It also contained a higher (albeit nonsignificant) proportion of patients with infected hip joints treated by irrigation and debridement (28% vs 20% in the antibiotics+dexamethasone group). Therefore, the more severe illness or greater number of surgeries may have accounted for the longer hospital stay of the antibiotics-only group, rather than the lack of corticosteroid treatment per se. Nevertheless, given the significantly greater improvement in clinical and laboratory parameters in the combined treatment group (P , .001 for some), we believe it is possible that the corticosteroids played a major beneficial role in their outcome. NSAIDs can potentially alleviate pain, although there is no scientific evidence of their usefulness in cases of septic arthritis. In the present cohort, NSAIDs were administered on an as-needed basis to 19 (21.1%) of 90 patients in the antibiotics-only group compared with only 1 (3.8%) of 26 patients in the antibiotics+dexamethasone group. None of the patients in either group received opiates to alleviate pain. Therefore, it is possible that the antiinflammatory properties of corticosteroids were responsible for the lesser need for analgesics in the antibiotics+dexamethasone group. Despite their use of NSAIDs, patients in the antibiotics-only group improved at a slower rate than patients in the combined treatment group.
There were no side effects of corticosteroids during hospitalization. However, 4 patients treated with antibiotics+dexamethasone experienced a recurrence of symptoms less than a week after completing the steroid course, while still on antibiotics.
Although the abrupt discontinuation of corticosteroids is known to be associated with a return of symptoms, short courses of corticosteroids (up to 7 days) are considered safe, with no or minimal effects of withdrawal. 19 Accordingly, all recurrent symptoms in the current study were mild and resolved spontaneously, and none of the patients required an additional course of corticosteroids or additional antibiotics.
Complications of septic arthritis include osteomyelitis, chronic infection, avascular necrosis, abnormal bone growth, limb-length discrepancy, pathologic fractures, deep vein thrombosis, and pulmonary emboli. 12, 20 Neonatal age, immunosuppressive diseases, hip joint involvement, delay in antibiotic treatment, and MRSA infection are known predictors of complications. 20 In the current study, no complications of septic arthritis other than osteomyelitis were documented from discharge to the last clinic visit (minimum 6 months) in the patients selected for the study. Accordingly, in our previous prospective study, no sequelae were observed in either the corticosteroid or placebo group at the 1-year follow-up. 11 However, because children are in a dynamic state of growth, some of the known complications of corticosteroids might not become apparent for months or years. 1 Furthermore, most patients with risk factors for complications were excluded from our study. Hence, we cannot draw conclusions regarding the long-term adverse effects of corticosteroids from this study.
The main limitations of our study are the retrospective design and low rate of positive bacterial cultures from joint fluid aspirates. Although there is a possibility that up to 78.4% of the culture-negative patients did not have septic arthritis, it is likely that most of the patients who were culturenegative were infected with K kingae, which is the most prevalent pathogen in our area and the one most frequently responsible for negative cultures. Furthermore, we did not test for other rheumatologic diseases, but we assume they can be excluded in most of the patients with negative cultures, given the lack of development of any other joint problems after recovery, lack of any other extra-articular manifestations, and the much higher reported incidence of septic arthritis than chronic rheumatologic diseases in children. 21 
